the framework of the pseudopotential theory. Simulation and perturbation techniques have been used to calculate S(q) from full metallic pair potentials, including the long range oscillating part
The hard sphere like profiles of the Mg, Al, and alkalis structure factors have been explained froln &b b u o pseudoputentials i 1 ,21. Sl-iouldcr or asymmetry in the main peak of the Ga, Sn, Zn structure factors have been interpreted on the same basis [2, 3] , or from ionic polarisability l 4 ] .
However, calculated S(q) are rather sensitive to the choice of the pseudopotential in these "anomalous" metals (Zn, Ga, Sn). Such a sensitivity to the pseudopotential also appears in other structural properties, for instance, in the determination of the crystal structure stability of Ga [5, 6, 7] . The usefullness of a pseudopotential approach really emerges if various properties of condensed matter can be described from the same model.
The purpose of this work is to compare results, from local and non local pseudopotentials, for several equilibrium properties : structure factor, liquid thermodynamic properties near the melting temperature, crystalline phases stabilities and high pressure phases transitions of gallium.
We briefly present the models of pair potentials and their corresponding theoretical S(q).
The thermodynamic properties may be calculated either with the variational approach VA [ 8 ] , or through the "optimized random phase approximation"
ORPA [ 9 ] . The ORPA supersedes the VA for Lennard Jones fluids [I01 but it has not been applied, to our knowledge, in liquid metals. Results from the two methods are compared here.
The analysis of the stable crystal structure for
Ga is a sensitive test for any pseudopotential. We finally compare the zero temperature binding energies of four observed and one hypothetical (FCC) Ga structures. In (I), the terms in brackets are zero and first order terms in the perturbation energy expansion, Feeis the electronic free energy, F the perfect g gas contribution. All these terms are independent of the liquid structure. The hard sphere free For Zn we find that the OMP 2 better reproduces the asymmetry of the main peak in S(q). For Ga this model gives qualitatively the expected shoulder in S(q). This suggests that effective masses are important for the structural behaviour of this two metals.
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EJ2i In the VA expression of the free energy [I71 , there is no corrective terms and u is determined in another way. At first, it is interesting to investigate the ORPA and VA differences for liquid metals. We have done this for the ECM pseudopotential. We calculate the VA and ORPA free energies and their partial derivatives as functions of the volume and the temperature. Of course, the adjustment of the A term is only done in one of the two determination of the free energy at zero pressure (here for the VA). ---------------------- [21] and [22, 23] .
Units are as in table 2.
Clearly, for Sn and Zn, the OMP or the OMP2
give results which are quantitatively closer to experiment than the ECM ones. We observe that the best agreement for entropy is obtained for the models which also reproduce the anomalies of the structure factors of Zn, Ga, Sn.
Calculationshave been done in litterature with the WCA approximation 1211. We notice by comparison that including the long range forces via ORPA leads to a non negligible difference between WCA and ORTA results.
Consistency-of -t_he-~_ai~-~cr.enti_a1s~with-~~y~t_a_1
structure stability of Ga
Comparison of the different crystal structure energies has been prooved to be a test for the pseudopotential approach for Ga [5, 6, 71 .
Here we consider the two phases a-Ga (Ro = . Moreover, we also consider a FCC structure predicted but not yet observed ar very high pres-
sure [25] . The a-Ga stable structure has the lowest energy at zero pressure. The extrapolation of the equilibrium phases diagram at OK [5, 6, 7] shows that three high pressure phase transitions Present results for solid Ga, obtained with no empirical adjustment of the pseusopotential in the structural energy calculations are as successfull as other calculations [5-71 .
Conclusion
"Anomalous" properties of liquid metals Zn, Ga, Sn have been investigated from the pseudo-potential theory. We emphasize that the peculiarities such as shoulder or asymmetxy in structure factor, and the thermodynamic properties may be explained assuming a long range pair potential. The ORPA method has been used to compare the results for three models of pair potentials. We find that the non local Shaw's models better predicgs the expected features than Aschroft's model. Study of gallium polymorphism supports the present analysis.
